Purpose: To investigate the predictive capability of clinical parameters for long-term chemotherapy benefits among stage IIIB-IV non-squamous non-small cell lung cancer (NSCLC) patients without sensitive mutations. Patients and methods: We investigated the clinical features of 206 stage IIIB-IV nonsquamous NSCLC patients without sensitive mutations and assessed their predictive value for disease control rate (DCR) at 6 and 12 months post-treatment. Results: Seventy-two patients received docetaxel and platinum-based chemotherapy while 134 received pemetrexed and platinum-based chemotherapy. The 6-month and 12-month DCR were 33 (45.8%) and 6 (8.3%) in the docetaxel group and 69 (51.5%) and 19 (14.2%) in the pemetrexed group, respectively. Univariate Cox regression revealed that age, sex, smoking history, adrenal gland metastasis, stage IV disease, neutrophil-to-lymphocyte ratio (NLR), and serum albumin were associated with unfavorable progression-free survival (PFS). Age, stage IV disease, and NLR were identified as independent predictors of PFS using multivariate analysis. NLR was the only parameter that could predict 3-month and 6-month DCRs. NLR and age were able to predict 12-month DCR, with NLR presenting a larger area under the curve. Kaplan-Meier curves demonstrated that patients with NLR > 2.231 displayed significantly reduced long-term disease control. The group with higher NLR had more male patients, lower ALB levels, and serum sodium levels as well as higher platelet counts. Conclusion: NLR was an independent predictor of long-term chemotherapy benefits among non-squamous NSCLC patients without sensitive mutations. Patients with lower NLR were optimal candidates for chemotherapy. Patients with high NLR may receive alternative treatments or be included in clinical trials.
Introduction
In this era of emerging targeted therapies, the treatment of non-small cell lung cancer (NSCLC) has become increasingly precise with biomarkers directly reflecting the efficacy of targeted agents. 1 However, chemotherapy is still the fundamental treatment option for patients without sensitive mutation or when targeted agents fail. 2, 3 In recent years, the use of immunotherapy and chemo-immunotherapy combinations have increased in clinical practice for the treatment of advanced/ metastatic NSCLC, 4, 5 re-launching the role of chemotherapy in NSCLC. Moreover, neoadjuvant and adjuvant chemotherapy are still major strategies for NSCLC amenable to surgery, especially for N2 patients. 6 However, the progression-free survival (PFS) of chemotherapy was reported to be less than 6 months, 7 which was inferior to that of tyrosine kinase inhibitors (TKIs) among patients with sensitive mutations. 8 Thus, identification of long-term chemotherapy benefits is imperative to improve the efficacy of chemotherapy.
Evaluation of the efficacy of chemotherapy is mainly based on overall survival (OS), PFS and objective response rate (ORR). 9 These measures are suitable for clinical trials but are not adequate for the identification of NSCLC patients with persistent response to chemotherapy since more than 50% of patients displayed disease progression during 6-8 cycles of chemotherapy. According to the World Health Organization (WHO) criteria for chemotherapy efficacy, 10 the treatment response should be sustained for at least 6-8 weeks after initial assessment of treatment response. Thus, we speculated a PFS longer than 12 months is a satisfying benefit for NSCLC patients. Those expected to present disease progression within 6 months after chemotherapy may receive alternative treatments 11 or be included in clinical trials. 12 Thus, selection of patients whose disease control is longer than 12 months may be an optimal strategy in identifying chemotherapy benefits.
Neutrophil-to-lymphocyte ratio (NLR) was indicated as a significant prognostic predictor in various tumor types, 13 including lung cancer. [14] [15] [16] [17] However, inflammatory indicators in differential blood cell counts, such as red blood cells, platelets and NLR, remain uninvestigated in predicting long-term chemotherapy benefits among NSCLC patients without sensitive mutations. The present study investigated the predictive capability of clinical parameters for long-term chemotherapy benefits among stage IIIB-IV non-squamous NSCLC patients without sensitive mutations.
Materials And Methods Patients
We retrospectively enrolled 206 patients diagnosed with non-squamous NSCLC who regularly received docetaxel or pemetrexed combined with platinum chemotherapy at the Third Affiliated Hospital of Sun Yat-sen University or Panyu Central Hospital from January 2016 to December 2018. The inclusion criteria were as follows: non-squamous NSCLC was pathologically diagnosed; stage IIIb or IV according to the American Joint Committee on Cancer (AJCC) 8th edition; received docetaxel or pemetrexed combined with platinum drugs chemotherapy for more than two cycles without combination of target therapies or radiation therapy; no additional cancer history; no sensitive mutations; and laboratory test results were obtained before treatment. The exclusion criteria were as follows: patients with missing or incomplete PFS data; who underwent surgery, radiotherapy, or other anti-cancer treatments after chemotherapy; and who presented with acute infections, such as fever and pneumonia ( Figure 1 ). Clinical data were obtained from the patients' medical records. Written informed consent was obtained from each patient or his/her immediate family members. The study was approved by the ethics committee of the Third Affiliated Hospital of Sun Yat-sen University and Panyu Central Hospital.
Data Collection
The clinical data were collected as follows: age, sex, Eastern Cooperative Oncology Group Performance Status (ECOG PS) scores, blood routine parameters and biochemical profiles 1 week before chemotherapy, disease control rate (DCR), and PFS. Data of relevant laboratory indicators were collected before chemotherapy.
Statistical Analysis
The 12-month DCR was the main endpoint of this study, with 3-month and 6-month DCR the secondary endpoints. PFS Figure 1 The study flowchart. was defined as the time interval between the first chemotherapy and death or the last follow-up. Multivariate analysis using a stepwise Cox proportional hazards model was used to test for the independent significance of baseline characteristics and explanatory variables. The performance of relevant parameters was assessed using the Kaplan-Meier method, and differences in survival between groups were compared using the log-rank test. In addition, the receiver operating characteristic (ROC) curves of relevant parameters for predicting 3-month, 6-month, and 12-month DCRs for NSCLC patients were plotted. Sensitivity of a score less than the cutoff point indicated DCR for a certain time, while specificity of that greater than the cutoff point indicated PFS beyond certain time, both of which could be evaluated for each possible cutoff point. The cutoff point representing the highest Youden index (specificity+specificity−1) was selected as the optimal threshold value. Hazard ratios (HRs) and 95% confidence intervals (CIs) were pooled to measure the effects of relevant parameters on prognosis. An HR greater than 1 indicated a worse prognosis in patients with a relevant parameter, while an HR less than 1 indicated a better prognosis. The criterion for statistical significance was set at an α of 0.05, and all p values were based on two-sided tests. Statistical analysis was performed using IBM SPSS Statistics, version 20 (IBM Corp, Armonk, NY, USA).
Results

Patient Characteristics
The study included 206 advanced NSCLC patients in total, of which 126 (61.2%) patients were male, 66 (32.0%) patients had a smoking history, and 180 (87.4%) patients had stage IV disease. Docetaxel and platinum-based chemotherapy were administered to 72 patients while 134 patients received pemetrexed and platinum-based chemotherapy. The baseline characteristics of the two groups were similar. The docetaxel group had more males, less brain metastasis, less stage IV disease, and higher mean corpuscular hemoglobin concentration (MCHC). First-line chemotherapy was administered to 59 (81.9%) patients in the docetaxel group and 114 (85.1%) patients in the pemetrexed group. After 2 cycles of chemotherapy PR and SD were achieved by 22 (30.6%) and 32 (44.4%) patients in the docetaxel group and 54 (40.3%) and 52 (38.8%) in the pemetrexed group, respectively. The 6-month and 12-month DCRs were 33 (45.8%) and 6 (8.3%) in the docetaxel group and 69 (51.5%) and 19 (14.2%) in the pemetrexed group, respectively (Table 1) .
Identification Of The Predictors For PFS
Univariate analysis by Cox regression revealed that age, sex, smoking history, adrenal gland metastasis, stage IV disease, NLR, platelet count, and serum albumin were associated with unfavorable PFS. Importantly, patients with higher NLR presented a significant unfavorable prognosis. The independence of the above parameters as predictors for PFS was determined using the enter model of multivariate Cox regression. As a result, NLR, age, platelet count, and stage IV disease were confirmed as independent predictors for PFS among stage IIIB-IV non-squamous NSCLC patients without sensitive mutations receiving chemotherapy. The other parameters were not significant. However, platelet count presented the lowest hazard ratio (HR) of 1.003, while disease stage presented the highest HR of 1.823 ( Table 2 ).
Predictive Value Of NLR For Long-Term Benefit Of Chemotherapy
The ultimate aim of investigating prognostic factors is the identification of long-term chemotherapy benefits. Thus, ROC analysis was conducted to analyze the predictive value of these prognostic parameters for DCR, 3-month DCR, 6-month DCR, and 12-month DCR. All three prognostic factors were not able to predict ORR after 2 cycles of chemotherapy. However, NLR was the only parameter that could predict 3-month DCR and 6-month DCR. NLR and age were able to predict 12-month DCR with NLR presenting a larger AUC. The cutoff point for 12-month DCR was 2.231 with the highest predictive performance (Figure 2 ). In order to illustrate survival differences among different levels of NLR and age, these two parameters were dichotomized according to the cutoff point generated by ROC analysis for 12-month DCR. Kaplan-Meier curves demonstrated that patients with different levels of NLR and age displayed significantly different long-term disease control ( Figure 3 ).
Comparison Of Patients With High And Low Level Of NLR
The characteristics of patients with high and low NLR levels were compared. The group with higher NLR had more male patients, lower lymphocytes, albumin and serum sodium, as well as higher platelets, neutrophils and white blood cells (WBCs). Patients were similar in age, smoking history, ECOG scores, distant metastasis, and other baseline characteristics (Table 3) . 
Discussion
The efficacy of chemotherapy should not only be observed as an objective response after the first two cycles of chemotherapy but should persist beyond initial treatment to achieve long-term tumor remission. However, the PFS of chemotherapy among advanced NSCLC patients was reported to be only less than 6 months, 1, 7 which is unsatisfactory since multiple alternative treatments are available. 11, 12 In the present study, the 6-month DCR was 49%, which was an unsatisfactory outcome for a toxic treatment. Thus, identification of long-term chemotherapy benefits is imperative in this era of precision medicine. In the present study, we found that NLR reliably predicted long-term treatment response, including 3-month, 6-month and 12-month DCR. These results indicate that patients with lower NLR may be the appropriate chemotherapy benefits. Prognostic factors similar to NLR were also found to display prognostic value for NSCLC. Russo A, et al, found that derived neutrophil-to-lymphocyte ratio (dNLR, absolute neutrophil count/[white blood cell concentrationabsolute neutrophil count]) predicted response to anti-PD1/PD-L1 agents instead of chemotherapy. [18] [19] [20] Furthermore, some authors have combined dNLR values with LDH levels to create a score (LIPI), which was shown to be of prognostic importance to immunotherapy and chemotherapy in advanced NSCLC. 19, 21 These studies demonstrate the clinical potential of neutrophil-related prognostic factors, Figure 2 (A) ROC curves for NLR, age and stage to predict 2 courses PFS. (B) ROC curves for NLR, age and stage to predict 3 months PFS. (C) ROC curves for NLR, age and stage to predict 6 months PFS. (D) ROC curves for NLR, age and stage to predict 12 months PFS. Abbreviations: NLR, neutrophil to lymphocyte ratio; PFS, progression-free survival; ROC, receiver operating characteristic.
including NLR. The prognostic value of NLR has been investigated in NSCLC patients and many other types of cancer in several clinical studies. [14] [15] [16] [17] 22 Previous studies revealed a potential prognostic role of the NLR in NSCLC patients receiving PD-1 axis inhibitors. 14, 16, 23 However, high NLR levels were found to predict a lower risk of immunerelated adverse events (irAEs). 24 Yao Y et al, found that NLR predicted PFS and OS among NSCLC patients under chemotherapy. 25 However, they did not exclude patients with sensitive mutations and chemotherapy strategy was not based on histology. Another study found NLR predicted OS among metastatic NSCLC patients with chemotherapy as an initial therapy, however, did not relate to PFS. 15 Another study found that NLR predicted OS among stage I-IV NSCLC patients after chemotherapy instead of before chemotherapy. 23 Thus, some studies did not confirm the prognostic value of NLR for PFS. 23, 26 Hence, the prognostic value of NLR on PFS is still controversial. However, these studies did not focus on patients without sensitive mutations.
NLR was found to play a certain prognostic role in NSCLC patients receiving other anti-cancer therapies. NLR predicted OS for NSCLC patients receiving chemoradiation. 27 A study found NLR predicted PFS and OS for TKIs treatment of patients with sensitive EGFR mutations. 28 However, NLR failed to predict prognosis of patients who underwent radical surgery. 26 Unfortunately, the long-term benefit of chemotherapy for NSCLC patients without sensitive mutations has not been investigated. In this study we found age, stage and NLR predicted PFS, but age and stage were not related to the persistence of the response to chemotherapy indicated by 3-month, 6-month, 12-month DCR. Thus, the present study indicates that NLR can be used to identify long-term chemotherapy benefits among stage IIIB-IV NSCLC patients without sensitive mutations.
NLR expresses the balance between the inflammatory and immune systems, making it a useful index that reflects systemic inflammatory responses. 13 Our previous study indicated that elevation of neutrophils was associated with myeloid-derived suppressor cell (MDSC), 29 which is a critical inducer of immune suppression in cancer. Other studies found that the increased neutrophil levels are related to a systemic release of chemokines and ILs, including vascular endothelial growth factor 30 and angiopoietin-1. 31 These mechanisms may potentially explain the prognostic value of NLR. In the present study, low levels of NLR were associated with females which was a prognostic factor. NLR related to serum albumin and sodium with minimal difference between patients with different levels of NLR. Previous studies indicated that albumin-related indexes, such as C-reactive protein-albumin ratio and albumin-to-alkaline phosphatase ratio, were prognostic factors for NSCLC, which partly explains the prognostic value of NLR. [32] [33] [34] These results indicate that NLR is an independent prognostic factor in NSCLC. The mechanisms of the prognostic value of NLR are not yet understood. Further studies on NSCLC are needed to investigate the latent mechanism of NLR. The present study did not investigate the OS due to a significant loss in the follow-up of patients after the cessation of chemotherapy. However, the patients in our study might have received later lines of chemotherapy, bevacizumab, ninetedanib, anlotinib, anti-PD-1 treatment and clinical trials after chemotherapy, which also influenced OS. 1, 11, 12 The financial situation of patients influences the utilization of subsequent anti-cancer therapies which influences their OS and might affect the predictive value of NLR. However, the present study aimed to identify longterm chemotherapy benefits rather than predicting OS. Bevacizumab was not routinely used in our institutions, and thus, the predictive value of NLR on bevacizumab treatment was not investigated. Additionally, the present study did not include patients who underwent unsuccessful TKIs treatment or were diagnosed with squamous cell carcinoma. Squamous cell carcinoma patients benefit more from gemcitabine treatment 7 unlike non-squamous cell carcinoma patients. Thus, they should be investigated separately.
Conclusion
In summary, the present study identified NLR as an independent predictor for long-term chemotherapy benefit among non-squamous NSCLC patients without sensitive mutations. Patients with lower NLR presented preferable 12-month DCR and were optimal candidates for chemotherapy. Patients with high NLR may receive combined treatment or be included in clinical trials. 
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